M2 



CASE FIL 

nasa copy 

MEMORANDUM 

SUBSONIC AERODYNAMIC CHARACTERISTICS OF AN AIRPLANE 

CONFIGURATION WITH A 63° SW 7 EPTBACK WING 

AND TWIN- BOOM TAILS 

By Howard F. Savage and George G. Edwards 

Ames Research Center 
Moffett Field, Calif. 


CLASSIFICATION CHANGED TO 
UNCLASSIFIED AUTHORITY: NASA 
TECHNICAL PUBLICATIONS ANNOUNCEMENTS 
NO 70 EFFECTIVE DATE MARCH 15 1962 
•HL 

CLASSIFIED DOCUMENT - TIT LE UNCLASSIFIED 

This material contains information affecting the national defense of the United States within the meaning 
of the espionage iaws, Title IS, U.S.C., Sees. 7yd and 704, the transmission or revelation of which in any 
manner to an unauthorized person is prohibited by law. 

NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 

WASHINGTON 

March 1959 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MEMORANDUM 3~3“59A 


SUBSONIC AERODYNAMIC CHARACTERISTICS OF AN AIRPLANE 
CONFIGURATION WITH A 63° SWEPTBACK WING 
AND TWIN- BOOM TAILS* 

By Howard F. Savage and George G. Edwards 
SUMMARY 


A wind-tunnel investigation has been conducted to determine the 
effects of an unconventional tail arrangement on the subsonic static longi- 
tudinal and lateral stability characteristics of a model having a 63 ° 
sweptback wing of aspect ratio 3«5 an d a fuselage. Tail booms , extending 
rearward from approximately the midsemispan of each wing panels supported 
independent tail assemblies well outboard of the usual position at the 
rear of the fuselage. The horizontal- tail surfaces had the leading edge 
swept back 45° and an aspect ratio of 2.4. The vertical tail surfaces 
were geometrically similar to one panel of the horizontal tail. For 
comparative purposes, the wing-body combination was also tested with 
conventional fuselage-mounted tail surfaces. The wind-tunnel tests were 
conducted at Mach numbers from 0.25 to 0.95 with a Reynolds number of 
2,000,000, at a Mach number of 0.46 with a Reynolds number of 3*500,000, 
and at a Mach number of 0.20 with a Reynolds number of 7,000,000. 

The results of the investigation indicate that longitudinal stability 
existed to considerably higher lift coefficients for the outboard tail 
configuration than for the configuration with conventional tail. Wing 
fences were necessary with both configurations for the elimination of 
sudden changes in longitudinal stability at lift coefficients between 
0.3 and 0.5. Sideslip angles up to 15° had only small effects upon the 
pitching-moment characteristics of the outboard tail configuration. There 
was an increase in the directional stability for the outboard tail con- 
figuration at the higher angles of attack as opposed to a decrease for 
the conventional tail configuration at most of the Mach numbers and 
Reynolds numbers of this investigation. The dihedral effect increased 
rapidly with increasing angle of attack for both the outboard and the 
conventional tail configurations but the increase was greater for the 
outboard tail conf iguration. ’The data indicate that the outboard tail 
is an effective roll control. 


*Title, Unclassified 


INTRODUCTION 


The investigation of reference 1 demonstrated that the static longi- 
tudinal stability characteristics of an airplane configuration having a 
4p° sweptback wing of aspect ratio 6 can be markedly improved by the use 
of horizontal- tail surfaces located well outboard of the usual position 
at the rear of the fuselage. The outboard tails were mounted on booms 
extending rearward from about the midsemispan of the wing. Results indi- 
cated that the increased effectiveness of the outboard tails over that of 
the conventional tail in promoting static longitudinal stability at high 
angles of attack was due to the more favorable downwash field behind the 
outer portions of the sweptback wing. The wing was, of course, one suit- 
able primarily for subsonic cruise conditions. 

The present investigation was undertaken for the purpose of assess- 
ing the characteristics of an outboard tail configuration which, by virtue 
of extreme sweepback of the wing, might be suitable for operation at super 
sonic speeds. The wing had 63° sweepback of the leading edge and an 
aspect ratio of 3 • 5 and from previous investigations was known to have 
serious pitch-up difficulties at subsonic speeds. In the investigation 
of reference 2 this wing was tested in combination with a fuselage and 
conventional fuselage-mounted tail surfaces. It was found that with wing 
fences of height twice the maximum thickness of the wing, the trend toward 
longitudinal instability was delayed to higher lift coefficients. There 
was, however, a serious loss in lift-drag ratio due to the large fences. 

In the present investigation the 63° sweptback wing was mounted on a 
fuselage suitable for the testing with a conventional tail to provide data 
for direct comparison with data for the outboard tail configuration. The 
outboard horizontal- and vertical- tail surfaces were mounted on booms 
extending rearward from either the 40- percent or 50- percent spanwise 
station of the wing. The tail booms were kept to minimum size consistent 
with model strength requirements in order that the volume of the config- 
uration be comparable with the one utilizing a conventional tail. Prac- 
tically, the volume required for storage could be more evenly distributed 
between the fuselage and the tail booms, resulting in a three-body arrange 
ment of the type suggested in reference 3. 

Static longitudinal and lateral stability characteristics were 
measured for Mach numbers up to 0.95; principally at a Reynolds number of 
2,000,000. Several sizes of outboard tails were tested on booms of two 
different lengths. The effects of wing fences, and extended split flaps, 
and spoilers were also studied. 


NOTATION 


All datu coefficients are given for the stability system of axes will 
the origins or moment centers as indicated in table I. 'the coefficients 
and symbols are defined as follows: 


a mean- line designation, fraction of chord over which design load 

is uniform 

a.| ( lift-curve slope of the isolated horizontal tail, per deg 

r h/-ff -f-t lift-curve slope of the wing-fuselage- tail combination, per dog 

b wing span perpendicular to the plane of symmetry 

c local chord parallel to the plane of symmetry 

c mean aerodynamic chord, ft 

drag 


"D 


C, 




-an 


"n 


drag coefficient, 


i^w 


rolling-moment coefficient, 


lift coefficient, ^^5 - 


rolling moment 


qS b 
w w 


pitching-moment coefficient, 
yawing-moment coefficient, 

1 at e r al - force coefficient. 


pitching moment 
l b w c v 

yawing moment 

‘iS v Ov 

lateral force 


IS 


w 


incidence of the horizontal tail with respect to the room chord 
of the wing 

tail length, longitudinal distance between — of the tail surfac 


M 


and the moment center of the model 
free- stream Mach number 


p 


q. 

R 

s 

V 


t r 
J 
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€ 
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W 

f 

t 


V 


rolling velocity, radians/sec 
free-stream dynamic pressure 

Reynolds number based on the mean aerodynamic chord of the wing 
area 

free-stream velocity, ft/sec 

S t l t 

horizontal- tail volume coefficient, — =r- 

s w c w 

v 

vertical- tail volume coefficient, — — - 

b w D w 

lateral distance from the plane of symmetry 
angle of attack of the wing root chord, deg 
angle of sideslip of the body longitudinal axis, deg 
effective average downwash angle, deg 

tail effectiveness factor (ratio of the lift-curve slope of the 
horizontal tail in the presence of the wing and the fuselage 
to the lift-curve slope of the isolated horizontal tail) 

Subscripts 


wing 
fuselage 
horizontal tail 
vortical tail 


MODEL 


Photographs of the model mounted in the Ames 12-foot pressure wind 
tunnel are presented in figure 1 and dimensions of the model are given in 
figure 2 and table IT, 


The wing-fuselage combination was the same as that used in the inves- 
tigation of reference 2 except that a shortened version of the fuselage 
was used in conjunction with the outboard tails. The solid steel wing, 
which had a leading-edge sweepback of 63°, a taper ratio of 0.25, and an 
aspect ratio of 3-50, was mounted on the center line of the fuselage. The 
streamwise airfoil section of the wing had the NACA 64A005 thickness dis- 
tribution combined with a = 1 mean camber line. The wing was cambered 
and twisted to provide, theoretically, a uniform distribution of lift over 
its surface for a lift coefficient of 0.25 a t a Mach number of 1.50. The 
twist and camber distributions are presented in figure 3- Additional 
details concerning the design of this wing can be found in reference 4. 

The boundary- layer fences used for some of the tests extended around the 

leading edge of the wing to 0.15 chord on the lower surface (see fig. 2(b) 
for fence details). The fence at 0.75 b/2 extended to the trailing edge 
on the upper surface while the one at 0.30 b/2 extended only over the for- 
ward 30 percent of the wing. A fence around the leading edge of the wing 

at the position of the tail boom was also used in some of the tests. 

The outboard horizontal- tail surfaces had a leading- edge sweepback 
of ^5°, a taper ratio of 0.25, and an aspect ratio of 2.40. The outboard 
vertical-tail surfaces were geometrically similar to one half of the out- 
board horizontal tails. The streamwise airfoil sections of the outboard 
tails had the NACA 0004-64 thickness distributions. Horizontal tail 
surfaces of three sizes were used and are referred to throughout the report 
as "large," "medium," or "small." The fuselage-mounted tail surfaces used 
for some of the tests were the same unswept horizontal and sweptback ver- 
tical tails of reference 2. Other geometric properties of the tail sur- 
faces art? given in figure 2 and table II. 

The tail booms were constructed of solid steel and had an elliptical 
cross section. The major axis was vertical and was twice the minor axis. 
Booms of two lengths were used to provide for a variation of longitudinal 
position of the tail surfaces. The booms were attached to the wing at 
either 0.4 b/2 or 0.5 b/2 (see fig. 4 for sketch of juncture with wing) 
and were constructed so that the hinge lines (through “_j_/4) of the hori- 
zontal tails were in the plane containing the wing leading edges. The 
gaps between the horizontal tails and the tail booms varied with tail 
incidence and were left unsealed. 

Plain spoilers were simulated by aluminum angle brackets attached 
to the upper surface of the wing. Spoilers of several heights were pro- 
vided which could be attached to the upper surface of the wing at 0.07, 
0.15, or 0.25 chord (parallel to the plane of symmetry) behind the wing 
leading edge (see fig. 2(b) for a typical spoiler). The spoilers extended 
either from the fuselage to 0.50 b w /2, or between 0.21 b v /2 and 0.40 b w /2. 
The trailing-edge flaps had chords of 0.20 of the wing chord measured 


parallel to the plane of symmetry and extended from the fuselage to the 
tail boom at 0.5 b/2. The simulated hinge lines of the flaps were coin- 
cident with the wing trailing edge and the deflection was 31-6° in a 
plane parallel to the plane of symmetry (fig. 2(b)). 


CORRECTIONS TO DATA 


Corrections to the data to account for induced tunnel- wall inter- 
ference originating from lift on the model have been evaluated by the 
method of reference T. The corrections showed insignificant variations 
with Mach number. The following corrections were added: 

Ax = 0.30 C L 
AC d = 0.0045 c L 2 
AC m = 0.003 C L 

The constriction effects of the tunnel walls have been calculated by 
the method of reference 6. The magnitude of the corrections applied to 
the Mach number and to the dynamic pressure are illustrated by the follow- 
ing table : 


Corrected Mach number 

Uncorrected Mach number 

^-uncorrected 

^corrected 

0.950 

0.933 

0.982 

.900 

.892 

.990 

.Ooo 

.797 

.995 

.600 

.599 

.997 

.460 

.459 

.99 8 

.200 

.200 

.998 


All the data presented herein were obtained with a 4- inch diameter support- 
ing sting protruding from the rear of the fuselage. 

Since for some conf igurations, the tips of the outboard tails were 
close to the sting support, tests were conducted to determine whether the 
size of the sting had any effect on the measured forces. Some data were 
obtained with both the standard 4-inch sting and with a 2-inch sting. 

Two configurations, one with outboard tails and the other with a fuselage- 
mounted tail, were tested at sideslip angles to 12° and at several Mach 
numbers. There were no significant effects of changing sting size on the 
force and moment coefficients of either configuration. The main effect 
of variation of sting size was to alter the pressure at the base of the 




model and thus the measured chord force. When the chord force was adjusted 
to correspond to a base pressure equal to free- stream static pressure, the 
chord forces were about equal for the two sting sizes investigated. Con- 
sequently, all coefficients presented have been corrected to a condition of 
free- stream static pressure at the base of the model. 


TESTS 


The initial tests were conducted with varying angle of attack at zero 
sideslip. rn ests were conducted to evaluate the effects of horizontal tail 
position and size, wing fences, flaps, and spoilei^s on the longitudinal 
aerodynamic characteristics of the model. Selected configurations were 


tested through the range of Mach numbers to 0 . 95 * Eor one the better 
configurations from the standpoint of static longitudinal stability, the 
incidence of the horizontal tail was varied from -4° to -10° to provide 
the data necessary for the computation of the effective average downwash. 
Tests were also conducted with the left horizontal tail set at various 
incidences to provide data for assessing the lateral- control effectiveness 
of' differential deflection of the horizontal tails. 


^ests were conducted with varying a at 3~0°, -6°, -4.20°, and -12°, 
and with varying R at a^0°, 6°, 8.35°, and 12° to evaluate the effects 
of sideslip angle on the longitudinal and lateral characteristics. 


The outboard vertical tails were mounted on the model for all runs 
made with the tail booms attached to the wing. The conventional vertical 
tail was installed for all runs with conventional horizontal tail and was 
removed when the horizontal tail was removed. 


RESULTS AND DISCUSSION 

Longitudinal Characteristics of Various Configurations at 

Zero Sideslip 


To facilitate comparison of the pitching-moment characteristics of 
the various configurations, the moment centers were chosen so that all 
configurations would have about the same static margin at zero lift at a 
Mach number of 0.20 and a Reynolds number of 7? 000, 000. Moment centers 
for the various configurations are given in table I along with the tail 
lengths and tail volume coefficients. 

Effects of tail position .- The variation of pitching-moment coeffi- 
cient with lift coefficient for the wing- body- tail combination with the 
medium tail in several positions is presented in figure 4. The 




pitching-moment data for the tail-off configuration are also presented. 
Moving the tail from 0.4 b/2 to 0.5 b/2 improved the pitching-moment 
characteristics, but there were only small effects due to increasing 
tail length at either spanwise position. Although the trend toward 
instability occurred at about the same Cp for either the tail- on or 
the tail-off configuration, the change in dC m /dC L over the lift- 
coefficient range was considerably less for the tail-on configurations. 
The over-all favorable effect of moving the outboard tail from 0.4 b/2 
to 0.5 b /2 was expected because of a more favorable downwash field at 
the latter tail position. 


Effects of tail size .- The results presented in figure 4 indicate 
that with the medium tail, a linear pitching-moment curve was not obtained 
for any of the tail positions investigated. The horizontal tail contri- 
bution to the static longitudinal stability is given by the following 
expression: 



-a t - [Mt 
aw+f+t ^ _ c *‘ 



SUt^-tAi) 
+ ‘H aZT - 


(i) 


The tail contribution to stability is proportional to V t and thus to 
tail area. To investigate the effects of changing tail size, outboard 
horizontal tails having the identical plan form but with areas of 75 
and 158 percent of the medium tail were tested in the rearward position 
at 0.5 b/2 in combination with a full fence at 0.75 b/2 and a leading— edge 
fence ahead of the tail boom. The pitching-moment data obtained at 
several Mach numbers and Reynolds numbers are presented in figure 5 f° r 
the model with large and medium tails and with no tail; the small tail 
was tested only at M = 0.46, R = 3,500,000. With the moment centers 
used, the tail volume coefficients, V t , were O.I 69 , 0.226, and 0.347 
(see table I) . The data of figure 5 show the advantages of increased 
tail size in reducing longitudinal stability changes at the higher lift 
coefficients. At Mach numbers of 0.80 and 0.90, good longitudinal sta- 
bility existed to the limit C L of the tests for the configuration with 
large horizontal tails. At a Mach number of 0.46, a loss in longitudinal 
stability occurred above a C L of about 0.80. If it is assumed that the 
tail contribution to stability is directly proportional to and that 

the effective downwash is not affected by changing tail size in a non- 
uniform downwash field, a simple calculation shows that to maintain the 
same longitudinal stability at Cp = 0.90 as at = 0, a tail volume 

coefficient of 0.49 is required. If it is assumed that the longitudinal 
position of the moment center is adjusted to maintain the same static 
margin, the required tail area is 1.55 times the area of the large tail. 
The effects of increasing tail size were not pursued further. 


Effects of fences.- It will be noted in figure 4 that some sudden 
changes in longitudinal stability occur in the range of lift coefficients 
from 0.3 to about 0.5. These changes, which occur whether the tail is 


on or off, are caused by flow changes on the wing. The wing fence is one 
means of delaying flow separation to higher lift coefficients and reducing 
longitudinal stability changes on a swept wing. They would probably 
seriously impair the efficiency of a supersonic wing, however. Fences 
were used in this investigation on the assumption that, in some measure 
at least, the downwash field behind a wing with fences approximates that 
of a wing without fences with improved twist, camber, and thickness dis- 
tributions such that the trend toward longitudinal instability is delayed 
to higher lift coefficients. Figure 6 shows the effects of various wing 
fences on the pitching-moment characteristics of the configurations with 
no tail and with tails of three different sizes in the rearward position 
at spanwise station 0.5 b/2. In general, it may be said that the addition 
of wing fences improved the pitching-moment characteristics of the model 
with any of the three tails, the improvement being greater when more 
fences were used. 


Outboard tail configurations compared with conventional tail con- 
figurations.- The pitching-moment characteristics of two conf igurations 
with large ' outboard tails and two configurations with conventional tails 
are compared in figure 7 at several Mach and Reynolds numbers. The out- 
board tail configurations differed only in tail length, the tails being 
located at 0.5 b/2 in both cases. The conventional tail configurations 
differed in tail length and plan form and in fence configurations. The 
data of figure 7 indicate only small effects of changes in outboard tail 
length and that, except at M = 0.20, both configurations maintain at 
least neutral stability to higher lift coefficients than either of the 
conventional tail configurations. It should be emphasized that the con- 
ventional tail configuration of reference 2 (see fig. 7) has a tail volume 
coefficient 1.9 times that of the outboard^tail in the forward position, 
’the conventional tail configuration with V^- = 0 . 308 , which is more nearly 
that of the outboard tail configurations, exhibits a rather severe loss 
of longitudinal stability at a C-^ at least 0.2 below the Cj^ at which 
the outboard tail configuration has a gradual loss of stability. 

Lift, drag, and pitching-moment characteristics .- The lift, drag, 
and pitching-moment data for one outboard tail configuration are presented 
in figure 8 for the range of Mach and Reynolds numbers. The tail inci- 
dence was constant at -8.0^. The variation of Cg with cc (fig. 8(a)) is 
seen to be very nearly linear up to the maximum angle of attack. The 
pitching-moment data (fig. 8(b)) show that throughout the range of Mach 
number and Reynolds numbers, the trend toward instability was gradual and 
did not approach neutral stability until at least a Cg of 0.8. Lift- drag 
ratios are presented in figure 8(d) for the wing-body combination, the 
wing-body- tail-boom configuration with wing fences, and the trimmed values 
for the tail-on configuration. The maximum values of L/D for the wing- 
body- tail-boom configuration with wing fences are very nearly equal to 
those of the tail- off configuration of reference 2 (not presented) which 
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had a longer fuselage and much larger fences. Also shown in figure 8(d) 
for M = 0.80 and 0.90 are the maximum trimmed lift-drag ratios for the 
conventional tail configuration of reference 2 which are slightly lower 
than those indicated for the outboard tail conf iguration. 

Tail effectiveness and average downwash .- From equation (l) it is 
seen that the tail contribution to longitudinal stability is a function 
of both [1 - (de/da)] and A decrease in de/da would increase 

the tail contribution to longitudinal stability. To investigate the 
variation of average downwash and ri^q^/q with lift coefficient, the 
pitching-moment characteristics of the model with the large outboard 
tail in the forward position at spanwise station 0.5 b/2 were measured 
with the tail set at four angles of incidence and with the tail removed. 
These data are presented in figure 9 for several Mach and Reynolds 
numbers. The average effective downwash was calculated from the data 
by means of the expression: 1 



The quantity [1 - (de/da)] was then determined from plots of e versus a. 
The factor rj^q.j./q is given by 

Wt 1 ,,, 

4 a t v t 31 t 

In the calculations a^ was taken as 0.50 (ref. 7)* 

The values of [1 - (de/da)], ri t q t /q and (dC m /dC L ) trimmed for the 

complete model are presented in figure 10 along with the pitching-moment 
data for the complete model and for the model with the horizontal tail 
removed. These quantities are also presented at two Mach numbers for 
the conventional tail configuration of reference 2 which utilized three 
large wing fences. The data for the outboard tail indicated that the 
tail contribution to the pitching moment increased with angle of attack 
for angles greater than that at which the pitching moment of the tail- 
off configuration had a large unstable trend. A corresponding large 
increase in [1 - (de/da)] occurred at about the same angle of attack 
for all test conditions except M = 0.20 where the increase was more 

^-This is the downwash, e, behind the wing with a twist distribution 
which, due to aeroelastic effects, varies with angle of attack and tail 
incidence. Since the wing load distribution was not measured, the change 
in twist due to the wing loads is unknown. The tail booms were statically 
loaded at the position of the tail surfaces and it was determined that the 
maximum tail loads at each Mach number produced a change of about 0.35° in 
the twist at 0.5 b/2. 
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gradual. As was shown in reference 1, this change in [1 - (de/da)] is 
a direct result of the loss of lift due to separation on the outer sec- 
tions of the sweptback wing. For the wing of this investigation, 
aeroelastic effects may also be a factor. The data of reference 2 show 
that the opposite effect occurs at the conventional tail position since 
the lift-curve slopes of the inboard section of the wing tend to increase 
with increasing angle of attack. The decrease in [1 - (de/da)] for the 
low- speed condition at an angle of attack of about 17 ° may be due to the 
outboard tail surfaces emerging from the wing wake or to the manner in 
which separation progresses on the wing. 

The factor Tj^q^/q remained fairly constant over the range of angles 
of attack investigated. The values of the present investigation are 
greater than those of reference 2 although both curves have about the same 
variation with angle of attack. It should be pointed out that the values 
of a^ assumed in both cases are questionable so that the shape of the 
curves is more important than absolute magnitudes. With the exception 
of the data for M = 0.80, the curves indicate a favorable increase in 
q t qt/d with increasing angle of attack for both the conventional and 
outboard tail configurations. 

The variation of (dC m /dC L ) trimmed i n( *i cate s the magnitude of the 
stability changes which occurred over the range of angles of attack for 
both the outboard and conventional configurations. Figures 10(a) and 10(d) 
show that the large changes in stability which occurred between 5° and 10° 
angle of attack were less severe for the outboard tail configuration than 
for the conventional tail configuration (see also fig. 7). This could be 
due to the difference in fence arrangement or to a compensating effect of 
the outboard tails. 


Effects of Flaps and Spoilers 


In an attempt to increase the at which the model exhibited at 

least neutral longitudinal stability at low speeds , trailing-edge flaps 
which extended from the fuselage to the tail booms and several inboard 
spoiler configurations were tested in combination with the large tail at 
spanwise station 0.5 b/2. It was reasoned that the spoilers could increase 
the longitudinal stability of the configuration either directly as a result 
of decreasing the lift on the inboard sections of the wing or indirectly 
through a decrease in the dovnwash at the tail. The pitching-moment data 
are presented in figure 11 for the model with the large outboard tails in 
the forward position at 0.5 b/2 with a fence on the wing leading edge at 
the tail boom and with several spoiler configurations. For comparative 
purposes data are also presented for the configuration without spoilers 
and for the configuration with fences at 0.30 and 0.75 b/2. None of the 
spoiler configurations was as effective as the fences in improving the 
pitching-moment characteristics of the model. 
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The effects of partial-span trailing-edge flaps on the longitudinal 
characteristics of the model with the large tail in the rear position at 
0.5 h/2 are presented in figure 12. The increase in the at which 

dC m /dC;L = 0 was about 0.2. The lift-drag ratio at Cp = 1.0 of the con- 
figuration with flaps was about 4.5 as compared to about 3.4 for the 
configuration without flaps. Flaps thus could be used at low speeds to 
increase the stability and the lift-drag ratios at high lift coefficients. 


Lateral Effectiveness of Outboard Horizontal Tails 


The effects of varying the tail incidence of the left horizontal tail 
with the right tail removed are shown in figure 13 for one Mach number. 

The effectiveness of differential deflection of the horizontal tails as 
indicated by ££-^/£sx t decreased by about 25 percent as the angle of 
attack was increased from 0° to 20°. The damping in roll of the wing- 
body outboard- tail configuration at zero angle of attack was calculated 
by the method of reference 8 and an estimate was made of the wing-tip 
helix angle , pb/2V, resulting from differential deflection of the hori- 
zontal tails. The results of these calculations indicated that a differ- 
ential deflection of 20° would result in a value of pb/2V of about 0.09 
at zero angle of attack, which indicates that the outboard tail is an 
effective roll control. Yawing moments resulting from differential 
deflection of the horizontal tails were not considered in this calculation. 


Comparison of Sideslip Characteristics of Outboard 
and Conventional Tail Configurations 


Effects of variable p at constant a .- The effects of varying the 
angle of sideslip at several angles of attack on the lateral and longi- 
tudinal characteristics were determined for an outboard tail configuration, 
a conventional- tail configuration, and the wing-body combination. The 
three configurations had the same wing fences at 0.30 b/2 and 0.75 b/2. 

The data indicate (fig. l4) that the pitching-moment generally increased 
positively with increasing angle of sideslip at the higher angles of 
attack for all configurations tested. The outboard tail configuration 
and the wing-body configuration showed the same general change of pitching 
moment with angle of sideslip at the low Mach numbers while the conven- 
tional tail had a more nearly constant pitching moment. At the higher 
Mach numbers the pitching moment of the conventional- tail configuration 
decreased with increasing angle of attack while the pitching moment of 
the other configurations remained almost constant. The change in pitching 
moment of the outboard tail configuration from 3 = 0° to 3 - 15° at 
a«12. 2° represents an increase in (C^trim about 0.15. 
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Data are presented in figures 15, 1 6 , and 17 for several Mach numbers 
and angles of attack, which show that the variations of C i, C n , and Cy 
with p were approximately linear for the three configurations tested. 

The effective dihedral was positive (except at a = 0) for the three con- 
figurations and either the conventional or outboard tails provided direc- 
tional stability to at least 9° of sideslip at Mach numbers up to 0.90 
and angles of attack up to 12°. ’//hen the data obtained with the con- 
ventional and outboard tail configuration are compared, it should be 
noted that the combined area of the two outboard vertical tails was only 
47 percent of the area of the conventional tail and the tail volume 
coefficient, V , was 0.060 as compared to 0.112. 

Effects of variable a at constant ft .- The variation of pitching- 
moment coefficient with angles of attack at several Mach numbers and side- 
slip angles is presented in figure l8. The improved pitching-moment 
characteristics of the outboard tail configuration, as compared to the 
conventional tail configuration, are apparent at all Mach numbers and 
angles of sideslip. As expected from the data of figure 15, changing 
sideslip angle from -6° to -12° had little or no effect on the pitching- 
moment characteristics of the three configurations tested. 

The variation of the quantity C n / B , used here as a measure of the 
directional stability, is presented as a function of angle of attack for 
several Mach numbers and sideslip angles in figure 19. The directional 
stability increment due to the outboard vertical tails increased at the 
higher angles of attack at all Mach numbers and angles of sideslip. In 
contrast, the directional stability increment due to the conventional 
vertical tail was more nearly constant over the angle-of-attack range at 
all test conditions. 

For the three configurations tested, the quantity C^/p, used here 
as a measure of the effective dihedral, decreased with increasing angle 
of attack in a fairly uniform manner up to about 5° (fig. 20 ) . Above this 
angle, there was, in general, a reduction in the rate of change of 
C./p with a. In general, C^/P for the outboard tail configuration had 
the same variation with angle of attack as the wing-body combination. 

Both configurations had a small positive value of Cq/P at zero angle 
of attack (see figs. 15 and 20). The conventional tail configuration had 
a negative Cq/p at zero angle of attack and about the same value as the 
other configurations at 15° angle of attack. The small rolling moment at 
zero angle of attack for the outboard tail configuration is probably a 
result of the small vertical lever arm and the small vertical-tail forces 
as compared to those of the conventional vertical tail. 

The quantity Cy/p is presented in figure 21 for the three config- 
urations tested. As would be expected, the tail contribution to Cy/P 
at the higher angles of attack showed the same general characteristics 
as were exhibited in the tail contribution to C n /p. 



CONCLUDING REMARKS 


An investigation has been made of the effects of an unconventional 
tail arrangement on the subsonic static longitudinal and lateral stability 
characteristics of an airplane configuration with a 63 0 sweptback wing of 
aspect ratio 3 . 5 . Tail booms , extending rearward from approximately the 
midsemispan of each wing panel, supported independent tail assemblies well 
outboard of the usual position at the rear of the fuselage. The aerody- 
namic characteristics of the configuration were not entirely satisfactory, 
although in many respects the characteristics were considerably better 
than those of a tailless configuration or one with a fuselage-mounted tail. 

The longitudinal stability characteristics of the wing without fences 
is characterized by a sudden and large decrease in stability at a lift 
coefficient of about 0.5. The outboard tails reduced but did not elim- 
inate this loss of stability. The addition of wing fences improved the 
flow on the wing and reduced the severity of the stability decrease of 
the wing so that the outboard tail configuration was stable to at least 
a lift coefficient of 0.8 over the range of Mach number and Reynolds 
numbers of the investigation. 

Sideslip angles up to 15° had only small effects upon the pitching- 
moment characteristics of the outboard tail configuration. There was a 
favorable increase in the directional stability for the outboard tail 
configuration at the higher angles of attack as opposed to a decrease 
in the directional stability of the conventional tail configuration at 
most Mach numbers and Reynolds numbers of the investigation. The varia- 
tion of C z /p with angle of attack was undesirable for both configura- 
tions. The data indicate that the outboard tail is an effective roll 
control. 


Ames Research Center 

National Aeronautics and Space Administration 
Moffett Field, Calif. , Dec. 4, 1958 
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Aspect ratio * • • * 3*50 ; 

Taper ratio 1 

Sweepback (leading edge), deg 63 . 0 

Airfoil (in streamwise direction) NACA 64A005 

Span, ft 3-750 

Area, sq ft H.018 

Mean aerodynamic chord, ft 1.200 

Outboard horizontal and vertical tails 

Airfoil (in streamwise direction) NACA 0004-64 

Sweepback (leading edge), deg ^5.0 

Taper ratio 0.25 

Span (one tail), ft 

Large 0.93 1 - 

Medium 0.7^5 

Small 0.6^5 

Vertical (to plane of wing leading edge), ft 0.548 

Area (total), sq ft 

Large 8 b 733 

Medium 1-63 

Small 0.3^7 

Vertical 0.500 

Aspect ratio 

Horizontal tails ° 2.^-0 

Vertical tails 0.60 

Conventional horizontal tail 

Airfoil . . . . NACA 0004-64 

Taper ratio 0.33 

Aspect ratio 4.00 

Area, sq ft O .876 

Span, ft ..... 1.868 

Sweepback (0.50 chord line) 

Conventional vertical tail 

Airfoil NACA 0003.5-64 

Taper ratio 0.16 

Aspect ratio 1.51 

Area, sq ft 1.067 

Span (to fuselage center line), ft I .269 

Sweepback (leading edge), deg 54. 0 



TABLE II.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded 


Fuselage 




Fineness ratio 




Long fuselage 


« • » • • 

. . . 12.0 

Short fuselage . 

• • • • o • 

• • O O • 

. . . 10.9 

Base area, sq ft 0 . . . 


• 0*0* 

. . . 0.130 

Coordinates 1 (long fuselage) 




Distance from 

Radius , 



nose, in. 

in. 



0 

0 



5 

.80 



10 

1.44 



15 

1.94 



20 

2.32 



25 

2.60 



30 

2.79 



35 

2.90 



i+o 

2.97 



45 

2.99 



51.25 

3.00 



57.75 

3.00 



61.75 

2.99 



65.75 

2.90 



69.75 

2.67 



72.00 

2.44 




^-Removable section from 51-25 to 57.75 inches from nose. 





A-22395 

(a) Outboard tails and fences. 


Figure 1.- Photograph of the model in the wind tunnel. 
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(b) Outboard tails, fences, and flaps. 

Figure 1.- Concluded. 
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indicates locotions of c t /4 



(a) Plan and side views. 
Figure 2.- Geometry of the model 








Figure 3.- Camber and twist of the wing 
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c m C m 

Figure 4 .- The effects of changing the longitudinal and lateral position 
of the medium outboard tails on the pitching-moment characteristics 
of the model; i t = -10°, M = 0 . 46 , R = 3,500,000. 





(a) M 


Figure 5.- The effects of ta: 
tics of the model: tails in 



= 0.20 and 0.46 


L size on the pitching-moment characteris 
the rear position at 0.5 h/2; i-n = -10 . 
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Figure 7.“ Comparison of the pitching-moment characteristics of two out- 
board tail configurations and two conventional tail configurations. 
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Figure 8.- Continued 






Figure 8 .- Continued 
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(a) M = 0.20 and 0.^6 

igure 9.- The pitching-moment characteristics of the model with the 
large tail at several incidences; tails in forward position at 
0.5 h/2. 
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Figure 10.- The variation with angle of attack of C m , 1- (de/da), T^q^/q., and (^C m /dCL)^ r j_ mmec ^ 
for the model with the large outboard tail in the forward position at 0.5 h/2 and with a 
conventional tail; i^ = - 8 °. 





Figure 10.- Continued. 






















Spoiler Spoil* 

height,%c positi 



Figure 11.- The effects of several spoiler configurations on the pitching-moment characteristics 
of the model with the large tail in the forward position at 0.5 b/2; it = -10°, M = 0.46, 

R = 3 , 500 , 000 . 






Figure 12 The effects of flaps on the longitudinal stability characteristics of the model with 
the large tail in the rear position at 0.5 b/2; i^ = -10°, M = 0.20, R = 7^000,000. 











Figure 13. _ The effects of varying the incidence of the left horizontal tail in the forward 
position at 0.5 h/2 with the right horizontal tail removed; large tail, M = 0.16, 

R = 3,500,000. 
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(a) M = 0.20 and 0.25 

Figure l4.- The variation with angle of sideslip of the pitching-moment 
coefficient for the tail off, outboard, and conventional tail 
conf igurations . 
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Figure 15.- The variation with angle of sideslip of the rolling-moment 
coefficient of the tail off, outboard, and conventional tail 
configurations . 
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0 0 


(a) M = 0.20 and 0.25 


Figure 16.- The variation with angle of sideslip of the yawing-moment 
coefficient of the tail off, outboard, and conventional tail 
configurations . 
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(a) M = 0.20 and 0.25 

Figure 18.- The variation with angle of attack of the pitching-moment 
coefficient of the tail off, outboard, and conventional tail 
configurations . 















(a) M = 0.20 and 0.25 

Figure 19.- The variation with angle of attack of C n /p of the tail off 
outboard, and conventional tail configurations. 
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-004 -003 -002 -001 0 001 -.002 -.001 0 .001 .002 

(a) M = 0.20 and 0.25 


Figure 20.- The variation with angle of attack of C^/p of the tail off, 
outboard, and conventional tail configurations. 
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c y/£ 

(a) M = 0.20 and 0.25 

Figure 21.- The variation with angle of attack of Cy/P of the tail off 
outboard, and conventional tail configurations* 
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